The term "cirrhosis" has been used for two centuries to define the end-stage of chronic liver diseases with different etiologies. The clinical manifestations of cirrhosis are related to portal hypertension, hepatic dysfunction progressing to liver failure and development of hepatocellular carcinoma, conditions with unfavorable prognosis. However, recent advances in the diagnosis and treatment of chronic liver diseases have changed the natural history of cirrhosis significantly. According to current concepts, liver cirrhosis is heterogeneous, multi-stage condition with variable prognosis. Cirrhosis is considered a dynamic, biphasic process, based on numerous clinical reports indicating the reversal of advanced fibrosis and cirrhosis after cessation of perpetual injury. This review was focused on current pathology and clinical staging of cirrhosis. The potential mechanism and proofs of concept for reversibility of cirrhosis were also discussed.
INTRODUCTION AND DEFINITIONS
"Cirrhosis" (by Greek "κίρρος" -tawny), was initially used to describe nodular and firm-appearing liver in patients with chronic "burned out" liver disease, with an emphasis on the end-stage nature of this process and the poor survival. Sheila Sherlock's definition of liver cirrhosis was based on morphology: a diffuse process of fibrosis and nodule formation. Extensive fibrosis and disturbed normal lobular and vascular architecture result in progressive portal hypertension and liver dysfunction.
The pathological mechanisms in the development of cirrhosis are persisting inflammation and necrosis, deposition and accumulation of aberrant extracellular matrix (fibrosis), "capillarization" of sinusoids, vascular reorganization, with thrombosis, obliteration, recanalization of veins and arteriovenous shunts, neo-angiogenesis with formation of new vessels and collaterals, and regeneration (1). Fibrosis is not strictly "scarring" but rather dynamic balance of fibrogenesis and fibrinolysis and restoration. In general, the cirrhotic liver shows elements of both progression and regression, the balance determined by the severity and persistence of the underlying disease. On a cellular level, common pathogenic mechanisms exist: stellate cells and fibroblasts are the effectors of fibrogenesis, while parenchymal regeneration relies on hepatocytes and hepatic stem/ progenitor cells.
Distortion of lobular and vascular architecture results in increased intrahepatic resistance, which in turn leads to portal hypertension. Portal hypertension is defined as a portal pressure greater than 5 mmHg, assessed by the hepatic venous pressure gradient (HVPG). Complications of cirrhosis develop once the portal pressure reaches a threshold level of 10 mmHg. This threshold level (10 mmHg) has been found to be of great prognostic value and has been termed "clinically significant portal hypertension" (CSPH) (2) .
Intrahepatic structural abnormalities play a major role in the pathogenesis of portal hypertension. Other factors exist, such as active constriction of intrahepatic vessels (dynamic component) and increase in portal venous inflow, secondary to splanchnic vasodilation and hyperdynamic splanchnic circulation (a dominant factor in the maintenance of portal hypertension in severe cirrhosis).
Natural History of Cirrhosis
The natural history of cirrhosis is characterized by an asymptomatic stage -compensated cirrhosis, followed by a progressive phase marked by the development of complications of portal hypertension and/or liver dysfunction -decompensated cirrhosis. Decompensation is defined by clinical evidence of major complications of cirrhosis: ascites; hepatic encephalopathy; portal hypertensive gastrointestinal bleeding and jaundice. Further progression of a decompensated disease may be accelerated by other important complications, such as spontaneous bacterial peritonitis, refractory ascites, acute kidney injury (hepato-renal syndrome), re-bleeding, hepato-pulmonary syndrome and systemic infections, including sepsis. Development of hepatocellular carcinoma (HCC) can occur at every stage of the disease. Acuteon-chronic liver failure is an acute deterioration of patients with chronic liver disease, after a precipitating factor, characterized by (multi)-organ failure and a high risk of short-term death.
Mortality in patients with compensated cirrhosis is low, ranging from 1 to 3% per year, and significantly higher in patients with esophageal varices, compared to patients without esophageal varices. The development of esophageal varices is a major event in compensated cirrhosis, occurring with an incidence of 5 to 8% per year. Overall, decompensation happens at a constant rate of 5% per year and is again more frequent in patients with compensated cirrhosis with esophageal varices. Ascites is the most frequent complication, followed by bleeding, jaundice and encephalopathy. The decompensation event is associated with a one-year survival rate of ~80% (3, 4) .
The importance of bacterial translocation for the development of the clinical complications of cirrhosis is being recognized recently (5) . Although the migration of bacteria or bacterial products from the intestinal lumen to the mesenteric lymph nodes exists in healthy individuals, this process is well controlled. In the presence of portal hypertension this is progressively deregulated to pathological bacterial translocation, leading to inflammation, immune activation and clinical consequences such as spontaneous bacteremia and spontaneous bacterial peritonitis. Furthermore, a pathological inflammatory response to bacterial products has been implicated in the development of encephalopathy, acute kidney injury and the additional increase of portal hypertension (6) .
Stages of Cirrhosis
The natural history of cirrhosis has changed significantly in the recent years, as therapeutic advances in the field of chronic liver diseases allow patients with cirrhosis to survive in the long term, often with clinical and histological improvement after a successful etiological treatment. Cirrhosis is an extremely heterogeneous condition, extending from an early asymptomatic stage to an advanced disease with various complications, rather than a terminal stage of different chronic liver injuries (7) . The evolution of cirrhosis is a multi-step series of events. To distinguish the heterogeneous phases of cirrhosis a five-stage system is proposed ( Fig.1) HCC develops at every stage with a constant rate of 3% per year (Fig. 2) . Individual risk factors for HCC have been determined as: age (above 40 years); gender (male); viral infections (HBV>HCV); alcohol consumption; diabetes; positive family history for cirrhosis and HCC; iron overload.
Stage 4 probably marks a critical threshold beyond which the chronic liver disease becomes a definite systemic disorder. The development of infections (spontaneous bacterial peritonitis, spontaneous bacteremia and sepsis) is a very important point in The prognostic indicators in cirrhosis are: a model for end-stage liver disease (MELD), HVPG, Child-Turcotte-Pugh (CTP) score (and every component of the CTP score), obesity as well as presence of malnutrition. The age of the patient was also found to be predictive of survival. The MELD serves better than the CTP score for estimating 3-month and 6-month mortality. MELD includes objectively defined variables and has a dynamic nature, expressed within a continuous scale of 34 points. However, the CTP score determines better the long-term mortality and is well validated in the different etiologies of advanced chronic liver diseases.
Histological Classification of Cirrhosis ("Going Beyond Cirrhosis")
The approved systems for histological classification (Knodell, METAVIR, Scheuer-Batts, Kleiner scoring designed for non-alcoholic fatty liver disease) describe cirrhosis as a final single stage "4". Recently, a Modified Laennec Scoring System has been proposed by the International Liver Pathology Study Group, assessing three histological stages of cirrhosis, based on the thickness of fibrosis septa and the nodule size (10, 11) . Stage 4a corresponds to large, visible nodules with rounded contours and marked septation, but most septa are thin (only 1 broad septum is allowed). Stage 4b, or moderate cirrhosis, describes at least 2 broad septa (but not very broad); less than half of the biopsy length is composed by minute nodules. Stage 4c, or severe cirrhosis, is related to at least 1 very broad septum or more than a half of the biopsy length is composed of micronodules. Small nodule size is indicative of greater architectural distortion, massive tissue extinction, extensive scars and respectively low functional reserve of the liver and high intrahepatic resistance. The greater fibrosis area (liver collagen proportionate area calculated by quantitative image analysis and measurement of fibrosis septa), the greater the obstruction to the portal flow. The histological stages are significantly related to the severity of portal hypertension, proved by clinical studies with combining modalities of patient assessment (biopsy and HVPG measurement) (11) (12) (13) (14) (15) .
Clinical Modalities for Diagnosis and Staging of Cirrhosis
Diagnosis of the etiology of cirrhosis is of key importance for the proper treatment ( Table 1 ). The main causes of cirrhosis include chronic viral hepatitis (B, C, B+D), alcoholic liver disease and non-alcoholic fatty liver disease, autoimmune liver diseases, several inherited metabolic disorders and biliary diseases. Different etiologies cause variable patterns of fibrosis distribution, of regeneration and different rates of progression.
Liver biopsy (percutaneous or transjugular) remains the "gold" standard for diagnosis and staging of a diffuse liver disease, including cirrhosis. An important starting point is the adequate biopsy, containing at least 5 portal areas (11 are optimal), with a biopsy length of above 15 (20) mm, obtained with a needle of at least 17 gauge. A liver biopsy is an invasive procedure, associated with a small risk of severe complications like intraabdominal bleeding and biliary peritonitis. The limitations are related to a possibility of a "sample error", as the area of the obtained material is less than 1:10 000 of the whole liver size. Essentially, the disease stage is more than histologic fibrosis. Anamnesis for the duration of the liver disease and confounding factors, as well as physical exam showing skin changes of liver cirrhosis, palpation of firm liver, collaterals of anterior abdominal wall, splenomegaly and ascites should not be forgotten as initial investigations. Several clinical modalities are well validated for the assessment of severity and the staging of the chronic liver disease, measuring liver function and pathophysiology and estimating signs of portal hypertension: Recently, an integrative clinical, histologic and hemodynamic approach has been proposed for the evaluation of a patient with advanced chronic liver disease (10) . An integrated clinicopathologic approach should develop the diagnosis of advanced stage of liver disease with an emphasis on etiology, stage of cirrhosis and grade the severity in respect of prognosis, reveal the presence of other diseases (cofactors and comorbidities) and risk factors for malignancy (Fig. 3) .
Cirrhosis Is Not "the End" of a Story
Fibrosis may regress after HCV eradication, HBV viral suppression, control of autoimmune inflammation, removal of persistent injury (alcohol, iron overload) (17-19). The theory of the potential to stop progression and even to reverse advanced liver disease has a growing evidence of support. Fibrosis septa can become thinner, more densely compacted and eventually fragmented; adjacent nodules may aggregate into larger islands, so an incomplete septal cirrhosis could appear as a part of the remodeling of the cirrhotic liver. The histologic features of regression are termed "hepatic repair complex": delicate, perforated fibrous septa; isolated, thick collagen fibers; delicate periportal fibrous spikes; portal tract remnants; hepatocytes within portal tracts or splitting septa; minute regenerative nodules; aberrant parenchymal veins (20). Regression is usually associated with an improvement of the clinical status, but with a variable degree depending on the reversibility of vascular alterations. It is proven that some vas- Fig. 3 . An integrated approach to a patient with an advanced chronic liver disease cular changes may persist (e.g., intrahepatic shunts, small portal vein branch obliteration, venous outflow or arterial inflow alteration with chronic ischemic effect) resulting in persistent portal hypertension and limited improvement of the liver function. Extensive scar with elastosis (consisting of stable, highly complexed collagen) and/or parenchymal extinction is unlikely to regress. Perhaps "the point of no return" is situated near the transition of Laennec stage 4b to 4c. Data from clinical trials and prospective followup of patients with compensated or moderate cirrhosis on antiviral therapy showed clinical and laboratory improvement, decrease of the need for liver transplantation and liver-related deaths, persisting, but lower, risk for HCC (21,22). Perhaps, patients with stable condition (showing no regression) could benefit from an anti-fibrotic therapy. Management of patients with liver cirrhosis has to be focused on the prevention of hepatic decompensation and early detection of HCC (2).
CONCLUSIONS AND TAKE HOME MESSAGES
❖ Cirrhosis is not an end-stage disease with an imminent death of patients.
❖ Etiological treatment may reduce portal hypertension and prevent complications in patients with an advanced chronic liver disease.
❖ The term "cirrhosis" does not incorporate the concept of a multi-stage evolution of an advanced liver disease and a potential for reversibility. In the future, "advanced chronic liver disease" will become a preferred terminology.
❖ Each patient with an advanced chronic liver disease should be provided with treatment on the base of the clinicopathologic correlation of all available findings.
